This study examines race and sex differences in the latent structure of 10 psychosocial measures and the association of identified factors with self-reported history of coronary heart disease (CHD). Participants were 4,128 older adults from the Chicago Health and Aging Project. Exploratory factor analysis (EFA) with oblique geomin rotation was used to identify latent factors among the psychosocial measures. Multi-group comparisons of the EFA model were conducted using exploratory structural equation modeling to test for measurement invariance across race and sex subgroups. A factor-based scale score was created for invariant factor(s). Logistic regression was used to test the relationship between the factor score(s) and CHD adjusting for relevant confounders. Effect modification of the relationship by race-sex subgroup was tested. A two-factor model fit the data well (comparative fit index = 0.986; Tucker-Lewis index = 0.969; root mean square error of approximation = 0.039). Depressive symptoms, neuroticism, perceived stress, and low life satisfaction loaded on Factor I. Social engagement, spirituality, social networks, and extraversion loaded on Factor II. Only Factor I, re-named distress, showed measurement invariance across subgroups. Distress was associated with a 37% increased odds of selfreported CHD (odds ratio: 1.37; 95% confidence intervals: 1.25, 1.50; p-value < 0.0001). This effect did not differ by race or sex (interaction p-value = 0.43). This study identified two underlying latent constructs among a large range of psychosocial variables; only one, distress, was validly measured across race-sex subgroups.This construct was robustly related to prevalent CHD, highlighting the potential importance of latent constructs as predictors of cardiovascular disease.
INTRODUCTION
Research into the influence of psychosocial risk factors on health has exploded over the past few decades. A number of psychological states and traits, acute and chronic stress, and characteristics of one's social support network have been identified as important predictors of cardiovascular disease (CVD) and disability (Rozanski et al., 1999; Everson-Rose and Lewis, 2005) . However, the findings have not been entirely consistent (Everson-Rose and Lewis, 2005; Suls and Bunde, 2005) . Potentially contributing to this inconsistency is the search for independent effects by modeling one psychosocial characteristic at a time or several psychosocial characteristics simultaneously in search of independent effects. This approach ignores interrelationships among psychosocial factors and potentially leads to inconsistent results (Suls and Bunde, 2005) . This practice prevails despite the fact that many psychosocial factors are correlated to some degree with one another (Raynor et al., 2002; Kudielka et al., 2004; Suls and Bunde, 2005; Konttinen et al., 2008) , involve considerable construct and measurement overlap (Suls and Bunde, 2005) , similarly relate to poor health (Konttinen et al., 2008) , and tend to cluster together in individuals (Kaplan, 1995; Williams et al., 1997b; Rozanski et al., 1999 Rozanski et al., , 2005 Orth-Gomer et al., 2005) . It may be a commonality among these variables rather than a distinct feature of each variable that is associated with CVD risk (Boyle et al., 2006) .
Broad personality constructs such as negative affectivity may underlie a number of psychological states such as depression and anxiety (Watson and Clark, 1984; Suls and Bunde, 2005) . Individual psychosocial measures may be tapping into the larger latent structure, but none measure it wholly. Hence, psychosocial risk may be modeled more accurately by composite measures that essentially pool information across variables that each tap into a facet of a potential underlying latent structure. Among the few studies that have used composite measures, most have found the presence of one or two latent constructs (Raynor et al., 2002; Harris et al., 2003; Suarez, 2003 Suarez, , 2006 Wilson et al., 2003; Boyle et al., 2006 Boyle et al., , 2007 Taylor et al., 2006; Lehman et al., 2009 ). These constructs have been defined in large part by a narrow range of negative psychosocial characteristics, predominately depression, anxiety, anger, and hostility. Positive psychosocial characteristics also have been modeled (Raynor et al., 2002; Harris et al., 2003; Taylor et al., 2006; Konttinen et al., 2008) , but much less frequently and most commonly with only one item. Hence, the potential presence of positive latent structures has not been examined to the same extent despite research significantly relating a range of positive psychosocial characteristics to reduced risk of CVD (Kubzansky and Thurston, 2007; Steptoe et al., 2009) .
In addition, the vast majority of prior studies were unable to examine potential sex and race differences in the latent structure due to the homogenous nature of their samples. This omission is significant given well-documented racial disparities in CVD. For example, the average risk of death from heart disease and stroke is 30 and 50% higher, respectively, in blacks compared to whites (Kung et al., 2008) . This disparity may be attributable in part to the greater exposure of blacks to traditional CVD risk factors (e.g., hypertension; Lloyd-Jones et al., 2010; Whitfield et al., 2002) but also in part through greater exposure to psychosocial risk factors. Compared with whites, blacks have lower SES, report higher levels of hostility and depressive symptoms, and greater exposure to discrimination and negative life events (Krieger and Sidney, 1996; Williams et al., 1997a; Mustillo et al., 2004; Everson-Rose and Lewis, 2005; Krieger et al., 2005) . However, a focus on racial differences alone may obscure important sex differences in psychosocial risk. Men frequently report greater levels of perceived discrimination (28-30) and hostility (Barefoot et al., 1991) and women are more likely to be depressed (Kessler et al., 1993) and distressed (33-35) but also frequently have more robust social networks than men (36, 37).
Therefore, further research is needed on potential latent constructs underlying psychosocial risk including potential differences by race and sex. The present study begins to fill these gaps in the literature by using factor analysis to identify the latent structure(s) of a wide range of psychosocial measures and whether these structures differ by race and sex subgroups. Differences in the level of psychosocial risk by race and sex are examined with composite measure(s) representing the identified latent factors. Finally, the ability of the composite measure(s) to predict self-reported history of coronary heart disease (CHD) is examined.
MATERIALS AND METHODS

PARTICIPANTS
This study utilizes data from the Chicago Health and Aging Project (CHAP), which is a longitudinal, population-based study focused on the risk of Alzheimer's disease and other chronic diseases of the elderly . A door-to-door census was conducted between 1993 and 1996 in three adjacent neighborhoods in Chicago to enumerate the population (N = 64,911) and identify the number of residents who were 65 years or older (n = 8,509). Age ≥65 was the only inclusion criterion for the study. Between identification during the census and the conduct of the baseline interview (1993) (1994) (1995) (1996) (1997) , 432 people died and 251 left the community, leaving 7,826 persons eligible for the study; a total of 6,158 (78.7%) participated in the baseline interview. Each respondent was followed up for re-interview approximately every 3 years from his/her initial interview; presently the sixth cycle of data collection is underway. The first follow-up interview (i.e., cycle 2 data collection), was conducted between 1997 and 1999 and included the widest range of psychosocial variables; therefore, cycle 2 data were used for this analysis. The analytic sample included 4,319 adults, which represents 87.9% of the surviving participants. The sample was reduced by missing values on variables of interest leaving 4,128 for the analyses.
PROCEDURE
Data were collected through an in-home interview by trained interviewers. In addition to brief cognitive and physical function tests, participants were asked to provide demographic information and answer questions pertaining to their medical history, recent health events, health behaviors, and current psychosocial functioning. The study was approved by the Institutional Review Board of Rush University Medical Center and all participants provided written, informed consent.
MEASURES
Basic demographic information was collected including: sex (male, female), age (self-reported birth date), education (self-reported number of years of formal education completed, centered at 12), and race, which was self-reported according to the 1990 US Census categories. The vast majority of participants identified as non-Hispanic black or non-Hispanic white. Since less than 1% (n = 56) of the baseline sample self-reported as Hispanic or other, these persons were included with whites in analyses. The choice of psychosocial variables to include in this study is based on (1) prior theoretical and empirical research indicating a plausible relationship between the variable and CVD (1, 39-48) and (2) the inclusion of the relevant measures in CHAP at cycle 2. Chosen variables include both negative and positive psychosocial characteristics.
Depressive symptoms were assessed with the Center of Epidemiologic Studies-Depression (CES-D) scale (Kohout et al., 1993) . The 10-item form used in the present study was developed specifically to reduce participant burden in older adults, and its correspondence to the original version has been established (Kohout et al., 1993) . The dichotomous responses to items inquiring about feelings and mental rigor during the past week were coded so that higher scores indicated greater depressive symptomatology (range = 0-10). This scale demonstrated acceptable internal consistency (coefficient alpha = 0.76) in this sample.
Cynicism was assessed by eight items from the Cook-Medley Hostility Scale (Cook and Medley, 1954) , a commonly used measure of distrustful, suspicious attitudes. The full scale and shorter versions focused on cynicism such as in CHAP have been used widely in epidemiological studies involving middle and older aged participants (Barefoot et al., 1995; Everson et al., 1997; Everson-Rose et al., 2006) . All items were true/false, with one point assigned for each "true" response; a score was created by summing across items such that higher scores indicated greater hostility (range = 0-8). The eight-item scale demonstrated acceptable internal consistency in this sample (coefficient alpha = 0.73).
Neuroticism was measured with four items from the NEO fivefactor inventory, a widely used measure of personality valid for Frontiers in Psychiatry | Affective Disorders and Psychosomatic Research individuals 17 years and older (Costa and McCrae, 1992) . Participants reported their level of agreement on a five-point scale from strongly disagree (0) to strongly agree (4). Per previous analyses of these data, the scores were multiplied by three to correspond to the original scale (Wilson et al., 2005) . Items were coded so that higher sums indicated higher levels of neuroticism (theoretical range = 0-48, range attained in this sample was 0-45). This shortened measure of neuroticism has been shown to highly correlate with the full 12-item measure in another sample of elders (Wilson et al., 2005) ; however, truncating the scale also results in a loss of internal consistency (coefficient alpha = 0.54).
Perceived discrimination was measured by a nine-item scale that assessed subjective experiences of unfair treatment in daily life (Williams et al., 1997a) . The scale was developed in a study of adults aged 18 years and older (Williams et al., 1997a) and has been used widely including in epidemiologic studies of older adults (Lewis et al., 2010) . The scale does not specifically inquire whether discriminatory experiences were perceived to be in reference to any personal characteristic including race or sex. Responses were measured on a four point scale with categories ranging from never (0) to often (3). Similar to prior studies in the CHAP cohort (Lewis et al., 2009 ) and in other cohorts (Brown et al., 2006) , responses were recoded to a binary format (often or sometimes = 1 and rarely or never = 0) and then summed across items to obtain the total score (range 0-9). The scale demonstrated good internal consistency (coefficient alpha = 0.82) in this sample.
Perceived stress was measured with a six-item version of the Perceived Stress Scale (PSS), which assesses the degree to which the respondent appraises situations in the previous month to be stressful (Cohen et al., 1983) . The PSS is a widely used scale to assess stress in all age groups, including older adults (Cohen and Williamson, 1988) . Responses were measured on a four point scale with categories ranging from never (0) to often (3) (coefficient alpha = 0.75). A score was obtained by summing across items coded so that higher scores were indicative of greater stress (range 0-18; Cohen et al., 1983) .
Social network size was measured by three items derived from the Established Populations for Epidemiologic Studies of the Elderly (EPESE; Branch et al., 1986 ) that ask about the number of children, close relatives, and close friends seen at least once a month. Responses to the items are summed to create an overall measure of network size (range 0-98; Barnes et al., 2004a,b) .
Social engagement was measured by four questions derived from the EPESE (Branch et al., 1986; Mendes De Leon et al., 2003) assessing participation in social and productive activities including: attending religious services (five-point scale from once a year or less to every day/almost every day), going to a museum (fivepoint scale from once a year or less to every day/almost every day), participation in activities or groups outside the home (five-point scale from less than once per month to five or more times per week), and employment (three-point scale including none, parttime, and full-time). As the variables were differently scaled, all were categorized into a three-level scale (0, 1, or 2) and scored similarly to previous studies using the data (Barnes et al., 2004a,b) by summing across the items with higher total scores indicating higher social engagement (range 0-7, maximum of 8 was not obtained in this sample). As the measure was not intended to represent a latent construct (Barnes et al., 2004a) no coefficient alpha was computed.
Spirituality was assessed with items derived primarily from the EPESE (Idler, 1987; Koenig and Bussing, 2010 ) measuring salience of faith, strength, and comfort from religion, and frequency of prayer. Both salience of faith and strength/comfort were rated on a four point scale, from not at all (0) to very (3). Frequency of prayer was rated on a five-point scale, from once a year or less (0) to every day or almost every day (4). Items were coded so that higher summed scores were indicative of greater spirituality (range = 0-10). This measure demonstrated good internal reliability in this sample (coefficient alpha = 0.89).
Life satisfaction was adapted from a measure used in the Enhancing Recovery in Coronary Heart Disease study (Mendes De Leon et al., 2006) . Items were selected for inclusion in the CHAP study based on their relevance to older adults. Participants reported their level of agreement on a four point scale from strongly disagree (0) to strongly agree (3) with higher total scores representing higher satisfaction (range = 0-15). The scale demonstrated acceptable internal consistency (coefficient alpha = 0.73) in this sample.
Extraversion was measured with four items from the Neo fivefactor inventory, a widely used measure of personality valid for individuals 17 years of age or older (Costa and McCrae, 1992) . Participants reported their level of agreement on a five-point scale from strongly disagree (0) to strongly agree (4). Per previous analyses of these data, the scores were multiplied by three to correspond to the original scale (Wilson et al., 2005) . Items were coded so that higher sums indicated higher levels of extraversion (theoretical range = 0-48, range attained in this sample 3-48). Similar to neuroticism, this shortened measure of extraversion has been shown to highly correlate with the full 12-item measure in another sample of elders (Wilson et al., 2005) ; however, truncating the items also results in a loss of internal consistency (coefficient alpha = 0.30).
Coronary heart disease was measured using a standard question derived from the EPESE asking participants to report whether they had been diagnosed by a health care provider as having CHD (heart attack or coronary, coronary thrombosis, coronary occlusion, or myocardial infarction; Farmer et al., 1986) since the last visit. For analysis, a participant was considered to have a history of CHD if s/he answered affirmatively to this question at either the first or second cycle of data collection in CHAP.
STATISTICAL ANALYSIS
Descriptive statistics and correlation matrices were calculated for the psychosocial measures. Exploratory factor analysis (EFA) with oblique geomin rotation was used to identify latent factors. Because several of the variables were not normally distributed (discrimination, social network, spirituality, and depressive symptoms), all models were tested using a robust maximum likelihood estimator (MLR), which provides SEs and tests of fit that are robust against non-normality (Yuan and Bentler, 2000) . Criteria for determining the number of factors retained included an Eigenvalue > 1.0, a distinct break in slope of the Scree Plot, and at least three items loading on a factor (Costello and Osborne, 2005) . Meaningful loadings were determined by a value of ≥0.30 with the highest meaningful loading determining the variable's www.frontiersin.org placement on a factor. All models were tested using Mplus 5.21 software Muthén, 1998-2009) .
As recommended (Kline, 2005; Raykov and Marcoulides, 2006) , various fit indices were used to determine the fit of the model. In this study, we use the comparative fit index (CFI), Tucker-Lewis index (TLI), and the root mean square error of approximation (RMSEA), all of which are sample size independent. Values for CFI and TLI that are >0.90 have been deemed a good fit (McDonald and Ho, 2002; Kline, 2005) ; although stricter cutoffs (0.95) have also been proposed (Hu and Bentler, 1999) . Therefore, we consider 0.90 as the cutoff for acceptable fit and 0.95 as the cutoff for good fit. RMSEA values less than or equal to 0.06 are considered good fit, and less than or equal to 0.08 are acceptable (Hair et al., 1998) . The chi-square test statistic is also reported, but it was not used to predict model fit since it is sensitive to large sample sizes and model complexity.
Multi-group comparisons of the EFA model were conducted using exploratory structural equation modeling (ESEM) to determine whether the model was similar across race-sex subgroups. ESEM is a recent tool available in Mplus (Asparouhov and Muthén, 2009 ) which merges the statistical capabilities of EFA, confirmatory factor analysis, and structural equation modeling, and therefore provides the most appropriate conditions for testing measurement invariance in an exploratory framework (Marsh et al., 2010) . Measurement invariance was evaluated using the CFI difference test (ΔCFI; Cheung and Rensvold, 2002) , which indicates measurement invariance across groups if the difference between the CFI of the constrained and the unconstrained model is less than 0.01. Comparisons of each race-sex subgroup combination were made for both configural invariance, which imposes no invariance constraints, and metric invariance, which constrains factor loadings to be equal across groups. Metric invariance ensures that the latent factors are measured the same in each subgroup, which is necessary to create factor-based scale scores (Wu et al., 2007) .
After measurement invariance was established, a factor-based scale score (Pett et al., 2003) was created by taking the average of the psychosocial scales (z-scored) that loaded on that factor. The score was scaled by its SD. When necessary, scale scores were reversed before averaging. Differences in mean scale scores across race-sex subgroups were tested using an analysis of variance test. Scheffe's test was used to examine statistical differences between the various pairs of race-sex subgroups. The association between the factor score and CHD was examined with logistic regression. Both bivariate and multivariable models were constructed. The multivariable model adjusted for age, race-sex categories (white men as the reference), education, systolic blood pressure, physical activity, smoking status, and body mass index. An interaction was tested between the factor score and the race-sex subgroup variable to ascertain whether the relationship between the factor score and CHD was similar across race-sex subgroups. SAS version 9.2 was used for these analyses.
RESULTS
The sample was comprised of 38% black females (n = 1555), 24% white females (n = 995), 24% black males (n = 908), and 14% white males (n = 598). Participants were aged 68-105 years (mean = 77, SD = 6). On average, respondents reported 12 years of formal education (SD = 4). Descriptive statistics and a correlation matrix of the psychosocial variables are presented in Table 1 .
In the EFA, a three factor solution was a better fit than a twoor one-factor model based on having the highest CFI and TLI and the lowest RMSEA ( Table 2) .
The factor loadings are presented in Table 3 . Factor I was comprised of depression, neuroticism, perceived stress, and low life satisfaction. Factor II was comprised of social engagement, spirituality, social networks, and extraversion. Factor III was comprised of hostility and perceived discrimination. Factor I and II were moderately correlated (−0.44). Factor III was poorly correlated with Factor I (0.10) and II (0.09). Since Factor III was comprised of only two measures (perceived discrimination and hostility), and thus did not meet our criteria for determining factors, its measures were removed from the analysis. The EFA was re-run on the remaining eight variables. A two-factor model fit the data well (CFI = 0.986; TLI = 0.969; RMSEA = 0.039). Its structure re-created two of the factors from the initial three factor model. The factors were moderately correlated with one another (−0.50). The two-factor model, however, did not fit all race-sex subgroups equally well (Table 4) .
A formal test of measurement invariance confirmed this finding ( Table 5 ). The configural and metric models for all subgroup comparisons fit the data well. The CFI difference test showed factorial invariance only between black and white men, and white men and women. From a visual inspection of the models, most of the differences in factor loadings were among items loading on Factor II. Therefore, further analysis to examine the suitability of creating factor-based scale scores was restricted to Factor I. An ESEM of this factor (i.e., a one-factor model) showed measurement invariance across all subgroups, except for a borderline CFI difference between black and white women (−0.012). Therefore a factor-based scale score was created for Factor I, which, due to its constituent items was re-named distress. Table 6 summarizes the race-sex subgroup differences in distress scores. Blacks had higher levels of distress, with black women having significantly higher levels of distress than all other racesex subgroups. Black men had higher levels of distress than white women, but these differences were not statistically different. White men had significantly lower levels of distress than any other race-sex subgroup.
In the sample, 16.38% (n = 676) reported a history of CHD. In a model controlling for age, race-sex subgroups, education, systolic blood pressure, physical activity, smoking status, and body mass index, distress was associated with a 37% increased odds of self-reported CHD (odds ratio: 1.37; 95% confidence intervals:
1.25, 1.50; p-value < 0.0001). The test for an interaction between distress and the race-sex subgroup variable was not significant (pvalue = 0.43) indicating that the relationship between distress and CHD was not different by race or sex.
DISCUSSION
This study examined race and sex differences in the latent structure of a wide range of psychosocial measures. We found that while the same factor structure was present among all race-sex subgroups, the factors were not measured equally well by the items modeled. Among the factors identified, only one, distress, was similarly measured across race-sex subgroups. Race and sex differences in the levels of distress were observed, but these differences did not translate into significantly different relationships between distress and self-reported CHD.
While three factors were originally identified, only two were comprised of enough individual measures to constitute a factor. These two factors appeared to represent negative and positive psychosocial characteristics. The distress factor may represent a larger construct of negative affectivity. Individuals high in negative affectivity are more likely to report distress, discomfort, and dissatisfaction (Watson and Clark, 1984) . This was borne out in this study in that neuroticism, perceived stress, depressive symptoms, and low life satisfaction loaded together on the distress factor. The distinction between the distress factor and the majority of the positive psychosocial measures is supported by research that has shown that positive psychosocial characteristics are related to one another independently of negative affect and negative psychosocial characteristics are related to one another independently of positive affect (Steptoe et al., 2008) . A prior factor analysis of psychosocial predictors of cardiac mortality found that the positive characteristics loaded on a factor that was distinct from the negative psychosocial characteristics (Frasure-Smith and Lesperance, 2003) . The distinction is also supported by theoretical and empirical research demonstrating that positive personality traits, under the broad umbrella of extraversion, lead to positive affect whereas negative personality traits, under the broad umbrella of neuroticism, lead to negative affect (Costa and McCrae, 1980) . While this study is cross-sectional and thus cannot address temporal differences, the www.frontiersin.org clustering of negative psychosocial constructs with neuroticism and positive psychosocial constructs with extraversion is theoretically and empirically defensible. However, factor-based scale scores were only calculated for the measures loading on the distress factor. It was the only latent factor similarly measured across racesex subgroups suggesting that it is a robust measure of negative psychosocial risk.
STRENGTHS AND LIMITATIONS
These findings must be considered in light of the study's limitations. This study was unable to include some psychosocial risk factors for CVD (e.g., anxiety and anger) that have been examined in previous factor analyses. Some potentially relevant personality constructs such as openness, and stressors of particular relevance to older adults, such as caregiving, could not be examined. Caregiving in particular was not included in the present study since only 8% of the analytic sample was providing unpaid care at the time of data collection for cycle 2, rendering the variable of limited utility to the analysis. Given the unique range of variables included in this study, it is difficult to know how stable the underlying constructs are to the inclusion of other relevant but unexamined psychosocial variables. Additional research incorporating these variables is needed to clarify this. Further, the analyses were conducted on a cohort of elderly black and white participants in select neighborhoods in Chicago which might impact the generalizability of the findings. Finally, additional research is needed to test the predictive power of the distress construct in a longitudinal framework with objectively defined cardiovascular endpoints. This study also has notable strengths. The study utilized a population-based design and included sufficient numbers of men, women and white and black participants to examine possible differences in factor structure and factor scale score by race and sex. We used robust, state-of-the-art statistical tools and included a wider array of psychosocial measures than in prior research.
CONCLUSION
This study found that two latent constructs were identifiable in an exploratory investigation of a large range of psychosocial variables but that only one of these constructs, distress, was validly measured across race-sex subgroups. Therefore, caution is warranted when creating composite measures since it can not be assumed that the constructs are similarly measured in all participants. However, preliminary evidence from this study suggests that distress may be robustly related to prevalent CHD, highlighting the potential importance of latent constructs as predictors of CVD. As a composite measure, it more closely represents the way that many negative psychosocial characteristics occur in nature. Further research is needed to ascertain whether composite indicators of psychosocial distress consistently and accurately predict a range of cardiovascular disease endpoints. 
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